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Slow flow in harborSlow flow in harbor
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• What is a coherent processing?
• Classical limitations 
• Applications of coherent processing

• Single point sensor
– What is a velocimeter?
– Some history

– Vectrino and Vector

• Turbulent flux measurements
• High resolution profilers
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Phase shift is measuredPhase shift is measured
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Two types of sensorsTwo types of sensors
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Processing techniquesProcessing techniques

Processing
techniques

(+) (-)

Incoherent/Narrow-
band

·  Robust estimator
·  Optimal range
·  Measure close to

boundaries
·  Simple to implement

·  Limited space  -  time
resolution

Coherent ·  A factor of 100-500
improvement in space  -
time resolution

·  Only limited applications for
monostatic systems

·  Shorter range
Hybrid/Broadband ·  Improved space  -  time

resolution compared to
incoherent systems, by a
factor of 2-5

·  More complex to design and
manufacture

·  Loss of range
·  Loss of measurement area

close to boundaries
·  Less robust measurements
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Coherent systems Coherent systems –– main limitationmain limitation

• Phase measurements limited to <-pi,pi]
• [Vmin Vmax]=[-pi,pi]/Time between the two pulses

– “Ambiguity velocity” decreases with larger lag

Velocimeters:

sV= s(df (R))/Tau
– Large lag gives small standard deviation (noise)

Profilers
Range= Tau * c/2

– Large lag allow long range
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Ambiguity wrappingAmbiguity wrapping
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Dealing with limitationsDealing with limitations

• Must decide on a lag in advance

– For single point sensors � Velocity range
– For profiling sensor -> Profiling range
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More limitations More limitations -- decorrelationdecorrelation

• If the lag is too large relative to the intensity of the motion,
coherent processing may not work
– Like taking a picture with slow shutter speed.

• If the pulses ”gets mixed up”, correlation drops
– Pulse-to-pulse interference
– The correlation parameter is an important quality parameter 

for coherent systems
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Velocimeter PrincipleVelocimeter Principle
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Laboratory systems

Self-contained ocean models

“Vectrino”
“Vector”
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Meeting of the Meeting of the ““ cognoscenticognoscenti ””

• Getting external input: U.Lemmin, L. Zedel, and A.Hay
– Correlation - decorrelation mechanisms
– Signal statistics
– Signal processing. Hard limiting. Digital and 

analog demodulation. Doppler estimation.
– Transducers. Experience with parabolic or other 

directional schemes
– Dynamic range. Low signal/Noise limit

• Conclusion: There were tricks that could improve the 
performance by a factor of 5-10 relative to the old 10 MHz 
ADV/NDV while retaining the SNR of the 10 MHz 
systems.
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New Velocimeter New Velocimeter –– ”” VectrinoVectrino ””
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”” VectrinoVectrino ”” product structureproduct structure

• Base electronics always the same
• Firmware: standard or ’plus’
• Mechanical: Underwater or IP
• Probes:

– Standard 4D down cable or fixed
– 4D2D side-looking cable or fixed
– Field probe cable or fixed

• ExploreV
• Vectrino software or Polysync
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Calibration Calibration -- automatedautomated
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Wave tank comparison Wave tank comparison -- OSUOSU

• Irregular waves
– Wave period 

around 3 s
• Output Rate

– 50 Hz - same for 
both instruments 
(max for MicroADV)

• Velocity range
– 100 cm/s nominal 

for both instruments
• Sampling volume

– 6 mm in vertical for 
both instruments

– 6 mm in horizontal 
for both instruments
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Main axis Main axis –– power spectrumpower spectrum
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Vertical axis Vertical axis –– power spectrumpower spectrum
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Looking at echoLooking at echo
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Vector productsVector products

• Cabled probe or fixed 
stem
– Orientation issues

• Pressure sensor 
range and memory 
options

• External sensors 
(ready to go)
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Flux measurementsFlux measurements

• Based on Vector and analog sensor
– DO, temperature, etc.
– Measure fluctuations of the signals

• Working with Peter Berg, U. Virginia for the last two 
years
– Trying to estimate the flux of oxygen in and out 

of the seabed
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Turbulent quantitiesTurbulent quantities

• Looking for the magnitude of perturbation terms:
– U = Umean + U’, where U’ is the “perturbation term”,  

“fluctuation”, or “short term variability”
– Examples 

Reynolds stress: or also apparent turbulent stress
Reynolds fluxes: or apparent turbulent fluxes
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DeploymentDeployment

See the O2 
probe
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Raw dataRaw data

The O2 and Vz 
signals
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Accumulated fluxAccumulated flux
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Status of flux measurementsStatus of flux measurements

• Several groups doing w’T’
– T sensor from PMI, Encinitas (CA)

• Oxygen is still evolving
– Deep ocean test in Japan (2008) gave good results.
– Trying to understand the exact requirements for the O2 

sensor (time response and sampling requirements)
– Working on finding robust DO sensors (optode)
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What is a “high-resolution” profiler?

i) A current profiler that gives data on smaller temporal 
and spatial scales than we are used to seeing.

ii) A current profiler that uses ”pulse-to-pulse coherent”
processing

HR ProfilersHR Profilers
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HR ProfilersHR Profilers
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HRHR--Profilers, main pointsProfilers, main points

– The HR system gives absolutely spectacular data.  It can 
provide time and spatial scales far beyond standard current 
profilers.  Scales are all the way down to 1 cm and time 
resolution goes to 8 Hz. 

– HR is a firmware upgrade 
– The HR is a difficult instrument to use and is primarily for use

by scientists. 
– There is much to learn about the HR units. At this time we 

focus on simple applications:
– Bottom boundary layers

– Lake measurements

– Lab measurements if scattering is ok
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HRHR--Profilers, implementationProfilers, implementation

– There are two main issues with the HR systems
• The product of the velocity range and the profiling range is 

limited. 
• Pulse-to-pulse interference. The first pulse is not gone when 

you are listening to the second pulse

– Response in the implementation
• Try to extend the velocity-range product by introducing 

ambiguity resolution (“Extended range”)
• Try to ensure that the user configures the instrument in such 

a way that pulse-to-pulse interference is avoided.
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HRHR--Profilers, statusProfilers, status

– HR 2Mhz has been on the market for 1.5 years without any 
marketing. Experience is generally pretty good

– Just released new version of the 2 MHz firmware and the 
software that has several improvements.

– 1 MHz is still in beta testing, have not had the time.

– Shipping quite a few systems in 2008
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The HR configuration screen The HR configuration screen -- standardstandard
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The HR configuration screen The HR configuration screen -- advancedadvanced
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The HR in its natural environmentThe HR in its natural environment
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Typical pulse coherent dataTypical pulse coherent data
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Extended velocity rangeExtended velocity range

Lag 1

Lag 2

Range

Measurement, 
Lag 2

Lag 2 = 1/3 Lag 1

Measurement 1 – precise but maybe not the right ambiguity branch

Measurement 2 – less precise but larger velocity range.  Extrapolated 
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HRHR--ProfilersProfilers

– HR systems provide data on smaller time and spatial scales 
(1 cm vertical and 8 Hz in time in case of Nortek).  This allows
us to study (new) low-energy phenomena, and what we see 
the most are different types of oscillatory motion on scales 
between the 10 and 600 s. 

– Most of the studies so far have been related to: 
– Bottom boundary layers
– Lake measurements

– Lab measurements if scattering is ok
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Some fundamental problems
– Two main issues

• The product of the velocity range and the profiling range 
is limited. 

• Pulse-to-pulse interference. The first pulse is not gone 
when you are listening to the second pulse

– Response in the implementation
• Try to extend the velocity-range product by introducing 

ambiguity resolution (“Extended range”)
• Try to ensure that the user configures the instrument in 

such a way that pulse-to-pulse interference is avoided.

HR profilers HR profilers -- limitationslimitations
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Limit on velocity*profiling rangeLimit on velocity*profiling range
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PulsePulse --toto --pulse interferencepulse interference

Pulse 1Pulse 2

Pulse 1 and 2

Profiling Range

Bad 
data
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PulsePulse --toto --pulse interferences from surfacepulse interferences from surface

100% data collection goal – less likely to happen with HR profilers
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1. ”Wizard” software is important for pulse-coherent 
systems to minimize pulse interference

2. 100% data collection may not be attainable 
because of the many sources of interferences

3. New findings have shown that the standard 
Doppler processing techniques may not be 
optimium for pulse coherent systems.  Until 
someone comes up with something better:  
Sample fast!

HR Profilers HR Profilers -- ConclusionsConclusions


